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AB ST R ACT 

A Venus m e t e o r o l o g i c a l  b a l l o o n  s y s t e m  'for a 1977 manned 
t r i p l e  p l a n e t  f l y b y  o p p o r t u n i t y  i s  c o n c e p t u a l l y  des igned  t o  a l e v e l  
of  d e t a i l  s u f f i c i e n t  t o  e s t ab l i sh  i t s  f e a s i b i l i t y .  The sys t em ob- 
j e c t i v e s  are  t o  d e t e r m i n e  the  g r o s s  wind c i r c u l a t i o n  p a t t e r n s  a t  
v a r i o u s  a l t i t u d e s  i n  t h e  Venus a tmosphere  by  t r a c k i n g  from a n  over -  
f l y i n g  o r b i t e r  and t o  a c q u i r e  a v a r i e t y  o f  Venus a tmosphe r i c  da t a  
by i n f o r m a t i o n  r e l a y  u s i n g  t h e  o r b i t e r  p robe .  

For  each o f  t h e  two Venus e n c o u n t e r s  of  t h e  m i s s i o n  op- 
p o r t u n i t y  t h e  sys tem c o n s i s t s  o f  two i d e n t i c a l  p robes  e a c h  d e l i v e r -  
i n g  s i x  s u p e r p r e s s u r e  b a l l o o n s  t o  two w i d e l y  s e p a r a t e d  t a r g e t  areas  
o f  t he  a tmosphere .  I n  each  l o c a t i o n  t h e  s i x  b a l l o o n s  are  dep loyed  
a t  5,  1 0 ,  2 5 ,  30, 40 and 45 km a l t i t u d e s .  The t w e l v e  b a l l o o n s  have 
d e s i g n  l i f e t imes  o f  approximate ly  one month and a maximum p o s s i b l e  
data  r e t u r n  o f  abou t  2 . 3 ~ 1 0 ~  b i t s  o f  a t m o s p h e r i c  data .  The e s t i -  
mated g r o s s  p robe  weight  a t  s e p a r a t i o n  from t h e  manned v e h i c l e  i s  
abou t  1800 pounds.  The o r b i t e r  i s  covered  on ly  t o  t h e  e x t e n t  o f  
i t s  communications subsys tem i n t e r f a c e  w i t h  t h e  b a l l o o n s .  
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I .  I N T R O D U C T I O N  

T h i s  memor:ndum d e s c r i b e s  a m e t e o r o l o g i c a l  b a l l o o n  s y s -  
tem which cou ld  be  de l ; loyed  a t  s e l e c t e d  a l t i t u d e s  i n  t h e  Cy the rean  
a tmosphere  d u r i n g  t h e  t x o  Venus e n c o u n t e r  r o r t i o n s  o f  a 1 9 7 7  manned 
t r i p l e  p l a n e t  f l y b y  mis s ion . '  The sys tem o b j e c t i v e s  i n  o r d e r  o f  
p r i o r i t y  a r e :  (1) t o  p r o v i d e  i n f o r m a t i o n  an t h e  g r o s s  a t m o s p h e r i c  
c i r c u l a t i o n  p a t t e r n s  o f  Venlds by t r a c k i n g  from an  o v e r f l y i n g  or- 
b i t e r  p robe ;  and ( 2 )  t o  o b t a i n  from t h e  b a l l o o n  s e n s o r  pay load  
da ta  on a tmosphe r i c  t e m p e r a t u r e ,  p r e s s u r e ,  h u m i d i t y ,  l o c a l  t u r b u -  
l e n c e  and l o c a l  e l e c t r i c a l  a c t i v i t y  as a f u n c t i o n  o f  a l t i t u d e  and 
s u r f a c e  s p a t i a l  l o c a t i o n .  The i n f o r m a t i o n  a c q u i r e d  by achieveme1,t 
o f  t h e  two o b j e c t i v e s  w i l l  b e  u s e d  t o  p a r t ' a l l y  r e s o l v e  t h e  sub- 
s t a n t i a l  u n c e r t a i n t i e s  i j i  knowledge o f  t h e  Venusian a tmosphe re  as 
w e l l  as p r o v i d e  d e s i g n  d s t a  f o r  p o s s i b l e  subsequen t  buoyant  Venus 
l a b o r a t o r i e s .  Because o f  t h e  u n c e r t a i n t y  i n  r e g a r d  t o  t h e  atmoe- 
p h e r e  and t h e  d e s i r e  f o r  a r e a s o n a b l e  p r o b a b i l i t y  o f  m i s s i o n  suc-  
c e s s ,  t h e  p r imary  d e s i g n  ph i losophy  f o r  t h e  b a l l o o n  i n s t r u m e n t  
pay load  and s u p p o r t i n g  subsys tems i s  t o  emphas ize  ruggedness  and 
s i m p l i c i t y  r a t h e r  t h a n  e x t e n s i v e  c a p a b i l i t y .  

Our present ,  knowledge o f  t h e  Cy the rean  a t m o s p h e r i c  c i r -  

These o b s e r v a t i o n s  s u g g e s t  t h a t  a t  t h i s  

c u l a t i o n  i s  conf ined  t,o o b s e r v a t i o n s  i n  t h e  U.V.  o f  c l o u d  mot ion  
i n  t h e  upper  a tmosphe re .2  
l e v e l  t h e  " a i r "  moves i n  t h e  d i r e c t i o n  o f  p l a n e t a r y  r o t a t i o n  w i t h  
v e l o c i t i e s  i n  e x c e s s  of  300 km/hr. 
however,  l i e s  b e n e a t h  t h e  c louds  and i t  i s  t h o u g h t  t h a t  a n  e n t i r e l y  
d i f f e r e n t  c i r c u l a t i o n  reg ime i s  m a i n t a i n e d  t h e r e .  For a s lowly  ro- 
t a t i n g  p l a n e t  l i k e  Venus, hav ing  e s s e n t i a l l y  u n i l a t e r a l  i n s o l a t i o n ,  
i t  i s  e x p e c t e d  t h a t  t h e  g r o s s  "a i r"  movement w i l l  t a k e  p l a c e  be-  
tween t h e  s u b - s o l a r  and a n t i - s o l a r  p o i n t s .  Goody and Robinson have 
s u g g e s t e d  t h a t  t h e  rnot.ion w i l l  g e n e r a l l y  t a k e  t h e  form 0:' a s l o w  

The b u l k  o f  t h e  a tmosphe re ,  

l a r g e - s c a l e  o v e r t u r n i n g .  3 

Under t h e  m i s s i o n  concept  e x p r e s s e d  i n  Refe rence  1 a 
t o t a l  o f  twe lve  b a l l o o n s  are  deployed i n  t h e  a tmosphere  d u r i n g  e a c h  
o f  t h e  two Venus e n c o u n t e r  p o r t i o n s  o f  t h e  m i s s i o n .  Also d u r i n g  
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e a c h  e n c o u n t e r  a n  o r b i t e l .  p robe  i s  deboos ted  i n t o  a 4020 km c i r -  
c u l a r  o r b i t  whose p l a n e  i s  a p p r o p r i a t e l y  o r i e n t e d  f o r  t r a c k i n g ,  
da t a  r e c e p t i o n  and r e l a y  o p e r a t i o n s  i n  c o n j u n c t i o n  w i t h  t h e  bal-  
l o o n s .  The c o n c e p t u a l  d e s i g n  o f  t h e  b a l l o o n s  and t h e i r  d e l i v e r y  
s y s t e m  i s  p r e s e n t e d  h e r e i n  w h i l e  t h e  o r b i t e r  p r o b e  i s  cove red  i n  

t e r  c o n s i s t s  of two p robes  each c a r r y i n g  s i x  b a l l o o n s  and t a r g e t e d  
f o r  d i f f e r e n t  l o c a l i t i e s  c c n s i s t e n t  w i t h  o r b i t e r  p robe  communi- 
c a t i o n s  and t r a c k i n g  area coverage  c o n s t r a i n t s .  The we lgh t  o f  
each  p robe  a t  s e p a r a t i o n  from t h e  manned v e h i c l e  i s  es t imated a t  
1 8 0 0  pounds.  Thus,  f o r  t h e  1977 t r i p l e  p l a n e t  f l y b y  m i s s i o n  t h e  
t o t a l  b a l l o o n  sys t em w e i g h t  a t  ea r th  d e p a r t u r e ,  e x c l u d i n g  t h e  two 
o r b i t e r  p r o b e s ,  i s  about  7200  pounds.  

a separa te  s t u d y .  4 The b a l l o o n  d e l i v e r y  sys t em f o r  Venus encoun- 

It i s  beyond t h e  scope  o f  t h i s  memorandum t o  i n c l u d e  a 
c o n s i d e r a t i o n  o f  a l t e r n a t i v e  methods o f  i n v e s t i g a t i n g  t h e  c i r c u -  
l a t i o n  o f  t h e  Cytherean  atmosphere.  However, i t  s h o u l d  b e  made 
c l e a r  t h a t  t h e r e  i s  no a p r i o r i  r e a s o n  why t h e  b a l l o o n s  c o u l d  n o t  
b e  d e l i v e r e d  i n  a n  unmanned m i s s i o n  mode p rov ided  t h e r e  i s  s u i t a b l e  
upgrad ing  o f  t he  p robe  subsystems t o  accommodate t h e  i n c r e a s e d  
f l i g h t  t i m e .  The f e a s i b i l i t y  o f  such  a m i s s i o n  and  t h e  p o s s i b i l i t y  
o f  t r a c k i n g  t h e  b a l l o o n s  from E a r t h  would be  i n t e r e s t i n g  s u b j e c t s  
f o r  f u t u r e  s t u d y . *  

I n  t h e  f o l l o w i n g  d i s c u s s i o n  t h e  c o n c e p t u a l  d e s i g n  and  
o p e r a t i o n  of t h e  m e t e o r o l o g i c a l  b a l l o o n  sys tem a re  d e s c r i b e d  i n  
terms o f  i t s  m i s s i o n  p r o f i l e ,  pay load  subsys tem and s u p p o r t  sub- 
s y s t e m s .  

11. MISSION PROFILE 

The  probe  m i s s i o n  p r o f i l e  i s  p r e s e n t e d  g r a p h i c a l l y  i n  
F i g u r e s  L A  and 1B. F i g u r e  1P. c o v e r s  t h e  p r o f i l e  from s e p a r a t i o n  
t o  e n t r y  w h i l e  F i g u r e  1B i l l u s t r a t e s  t h e  t e r m i n a l  v e l o c i t y  phase 
d u r i n g  which t h e  b a l l o o n s  a r e  deployed .  

Probe s e p a r a t i o n  from t h e  manned v e h i c l e  o c c u r s  a t  
abou t  -5 d a y s . * *  A f t e r  t h e  s t e r i l i z a t i o n  c a n i s t e r  i s  j e t t i s o n e d ,  
t h e  a p p l i c a t i o n  of a v e l o c i t y  change o f  about  6 0 0  f t / s e c  p r o v i d e s  
f o r  p robe  e n t r y  a t  -3 h o u r s .  A d d i t i o n a l  v e l o c i t y  change c a p a b i l i t y  

*An i n t e r f e r o m e t e r  t echn ique  might  b e  used t o  t r a c k  t h e  b a l -  

l o o n s  from E a r t h  w i t h  u s e f u l  a c c u r a c y .  D i r e c t  d a t a  t r a n s m i s s i o n  
from Venus t o  E a r t h  would, however, i m p l y  s u b s t a n t i a l  changes i r ,  
t h e  b a l l o o n  subsys tems.  

**Referred t o  t i m e  o f  manned v e h i c l e  p e r i a p s i s .  
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of 1 5 0  f t j s e c  i s  p rov ided  for a midcour se  c o r r e c t i o n  t o  b e  p e r -  
formed a t  - 2 . 5  days .  Probe t r a c k i n g  and computa t ion  of t h e  m i d -  
c o u r s e  c o r r e c t i o n  i s  performed onboard t h e  manned v e h i c l e .  A t  
-4 h o u r s  a l l  d e l i v e r y  subsys tems e x c e p t  t h e  e n t r y  s h e l l  are j e t -  
t i s o n e d  and a t  -3 hour s  probe e n t r y  i n t o  t h e  a tmosphere  o c c u r s .  
The d e s i g n  e n t r y  c o n d i t i o n s  a r e  as f o l l o w s :  

E n t r y  Pa th  Angle (EPA)  % 1 2 O ,  
A l t i t u d e  %705,000 f t .  ( 2 1 5  km) 

V e l o c i t y  .\LI ox 10 3 f t  /se c 

The EPA s e l e c t e d  r e p r e s e n t s  t he  c e n t e r  o f  an  e s t i m a t e d  e n t r y  cor- 
r i d o r  bounded by l i m i t s  o f  a l l o f o r  " s k i p  o u t "  and d3' f o r  a e r o -  
dynamic l o a d i n g .  The a l t i t u d e  i n d i c a t e d  i s  t h e  d i s t a n c e  from t h e  
s u r f a c e  where t h e  s e n s i b l e  a tmosphere i s  t h o u g h t  t o  beg in  w h i l e  
t h e  e n t r y  v e l o c i t y  i s  t a k e n  t o  b e  t h e  p e r i a p s i s  v e l o c i t y  o f  t h e  
manned f l y b y  v e h i c l e .  6 

After  e n t r y  and a t  a Mach number o f  abou t  1 .5 ,  para- 
c h u t e s  are  deployed  f o r  s t a b i l i z a t i o n  d u r i n g  t r a n s o n i c  f l i g h t .  
After  t r a n s i t i o n  t o  t h e  subson ic  regime, t h e  c h u t e s  are j e t t i s o n e d  
and t e r m i n a l  v e l o c i t y  c o n d i t i o n  i s  a c h i e v e d .  The s i x  b a l l o o n  
c a n i s t e r s  are s e q u e n t i a l l y  j e t t i s o n e d  a t  a l t i t u d e s  somewhat above 
t h e i r  t a r g e t  a l t i t u d e s  of 45 ,  4 0 ,  30, 2 5 ,  10 and 5 k m ,  r e s p e c t i v e l y  
A b a r o m e t r i c  s e n s o r  i s  used  t o  i n i t i a t e  each  d i s c r e t e  e v e n t  and  
h i g h  d r a g  p a r a c h u t e s  a re  employed t o  e f f e c t  a c l e a n  s e p a r a t i o n  o f  
t h e  f i r s t  four c a n i s t e r s  from t h e  descend ing  p robe ,  as w e l l  as t o  

t a r g e t  a l t i t u d e s .  7* For t h e  two l o w e s t  a l t i t u d e  
small s t a b i l i z a t i o n  c h u t e s  a r e  needed s i n c e  a dynamic p r e s s u r e  

i n f l a t i o n  of a r e i n f o r c e d  s t e e l  weave b a l l o o n .  
and i n c r e a s i n g  b a l l o o n  pressure r a p i d l y  b r i n g  t h e  b a l l o o n  t o  f u l l  
deployment .  
f l a t i o n  sys t em are  t h e n  j e t t i s o n e d .  
becomes o p e r a t i o n a l  a t  i t s  d e s i g n  a l t i t u d e  which co r re sponds  t o  a 
p a r t i c u l a r  a tmosphe r i c  d e n s i t y .  
c h a r a c t e r i z e d  by o p e r a t i o n  at a c o n s t a n t  p r e s s u r e  s l i g h t l y  above 
ambient  and a t  ambient t e m p e r a t u r e .  T h i s  thermodynamic p r o p e r t y  
r e s u l t s  i n  a c o n s t a n t  l i f t  c a p a b i l i t y  independen t  o f  ambient  t e m -  
p e r a t u r e  b u t  dependent  on t h e  d i f f e r e n c e  i n  ave rage  m o l e c u l a r  

r e d u c e  the  dynamic p r e s s u r e  t o  an  a c c e p t a b l e  0 . 7 5  l b s j f t  2 a t  tke-Lr  

envi ronment  of about  20  l b s / f t  2 i s  c o n s i d e r e d  a c c e p t a b l e  d u r i n g  

b a l l o o n s ,  on ly  

The p a r a c h u t e  d r a g  

The p a r a c h u t e  and c a n i s t e r  c o n t a i n i n g  t h e  s p e n t  i n -  

A s u p e r - p r e s s u r e  b a l l o o n  i s  

The s u p e r - p r e s s u r e  b a l l o o n  

*Exper ience  has shown t h a t  f o r  r e l i a b l e  i n - f l i g h t  deployment 
of polymide b a l l o o n s  a dynamic p & e s s u r e  l e s s  t h a n  1 l b / f t  2 i s  
des i r ab le .  
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- 

w e i g h t s  of t h e  b a l l o o n  g a s  ana  t n e  a tmosphe re .  The es t imated  
b a l l o o n  l eak  r a t e s  are s u f f i c i e n t l y  low t o  p r e c l u d e  t h e  need f o r  
gas r e s u p p l y  d u r i n g  t h e  one month d e s i g n  l i f e t i m e . *  

I 
Temp e ra t  u r e t P r e s s u r e  A l t i t u d e  

(km) ( O K )  ( b a r )  

5 66 3 14.5 
. 

10 62 5 10.0 

25 500 2.5 

30 465 1.4 

40 385 0 . 3  

45 340 0.1 

G e n e r a l l y ,  t h e  s i x  a l t i t u d e s  a t  which b a l l o o n s  a r e  t o  
b e  dep loyed  have been chosen t o  p r o v i d e  f o r  r e a s o n a b l e  i n v e s t i g a -  
t i o n  o f  t h e  low,  i n t e r m e d i a t e  and h i g h  a l t i t u d e  domains o f  t h e  
a tmosphere .  Deployment a t  a l t i t u d e s  o f  5 and 1 0  km i s  s u g g e s t e d  
t o  c o v e r  t h e  n e a r  s u r f a c e  r e g i o n  o f  t h e  a tmosphere .  S p e c i f i c a t i o n  
o f  25 and 30 km i n t e r m e d i a t e  a l t i t u d e s  c o v e r s  t h e  t e m p e r a t e  domain 
i n  which f u t u r e  buoyant  Venus l a b o r a t o r i e s  might  be  d e p l o y e d .  T h i s  
r e g i o n  w i l l  p robab ly  l i e  w i t h i n  t h e  c loud  c o v e r .  B a l l o o n  o p e r a t i o n s  
a t  a l t i t u d e s  o f  40 and 45 km cove r  t h a t  p o r t i o n  o f  t h e  a tmosphe re  
which i s  t h o u g h t  t o  be  c l o s e  t o  t h e  t r o p o p a u s e .  The b a l l o o n s  a r e  
d e s i g n e d  t o  o p e r a t e  i n  a model a tmosphere  based  on t h e  S o v i e t  
Venus-4 m i s s i o n  data and b r i g h t n e s s  t e m p e r a t u r e  data  o b t a i n e d  from 
earth-based o b s e r v a t i o n s .  The model r e p r e s e n t s  a thermodynamic 
estimate o f  t h e  a tmosphere  on t h e  s u n l i t  s i d e  o f  Venus a p p r o x i m a t e l y  
30 d e g r e e s  i n  l o n g i t u d e  from t h e  t e r m i n a t o r .  T a b l e  I l i s t s  t h e  model 
p r e s s u r e s  and t e m p e r a t u r e s  a t  t h e  s i x  b a l l o o n  a l t i t u d e s .  

TABLE I :  Est imated Values  o f  Tempera ture  and P r e s s u r e  
a t  t h e  S i x  Ba l loon  A l t i t u d e s * *  

*A nominal  b a l l o o n  l i f e t i m e  o f  one month i s  c o n s i d e r e d  t o  b e  
a r e a s o n a b l e  compromise between d e s i r e d  expe r imen t  t i m e  and t h e r m a l  
c o n t r o l  subsys tem we igh t .  

**The v a l u e s  p r e s e n t e d  i n  T a b l e  I have been e s t i m a t e d  f o r  t h e  
i l l u m i n a t e d  s i d e  o f  Venus. The s o u r c e s  of i n f o r m a t i o n  used  were 
i )  t h e  Venera 4 measurements e x t r a p o l a t e d  t o  45 km a l t i t u d e ,  and 
ii) measurements of  t h e  phase  v a r i a t i o n  of microwave b r i g h t n e s s  
t e m p e r a t u r e .  8 
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I n  t h e  m i s s i o n  concept  two p r o b e s  would be employed t o  
d e l i v e r  a t o t a l  o f  1 2  b a l l o o n s  t o  t h e  a tmosphere  d u r i n g  e a c h  o f  
t h e  two Venus e n c o u n t e r s .  A s  an example o f  a t e n t a t i v e  probe  
t a r g e t i n g  scheme, F i g u r e  2 shows t h e  t a r g e t  areas and t r a c k i n g  
s a t e l l i t e  o r b i t  f o r  t h e  f i r s t  e n c o u n t e r ,  as viewed from t h e  ap- 
p roach ing  manned v e h i c l e .  For  a g i v e n  approach  t r a j e c t o r y  t h e  
e n t r y  c o r r i d o r  c o n s t r a i n s  t h e  l o c u s  o f  p e r m i s s i b l e  t a rge t  a r e a s  
t o  a band abou t  1 2  d e g r e e s  from t h e  l i m b .  An i m p o r t a n t  c o n s i d e r a -  
t i o n  i n  t h e  s e l e c t i o n  of t h e  t a r g e t  a r e a s  shown was t h e  desira- 
b i l i t y  of a c q u i r i n g  da ta  from bo th  s i d e s  o f  t h e  t e r m i n a t o r  w h i l e  
a v o i d i n g  t h e  s u b - s o l a r  r e g i o n  which i s  e x p e c t e d  t o  be e x c e s s i v e l y  
h o t .  Thus t h e  chosen areas l i e  n e a r  t h e  t e r m i n a t o r  abou t  1 2  
d e g r e e s  from t h e  l i m b s ,  separated by 156 d e g r e e s  o f  c e n t r a l  a n g l e .  

S i n c e  f o r  t r a c k i n g  and da t a  a c q u i s i t i o n  t h e  t a r g e t s  must 
b e  n e a r  t h e  o r b i t e r  ground t r a c k ,  a h i g h  i n c l i n a t i o n  o r b i t  i s  re-  
q u i r e d .  A 4000  km a l t i t u d e  c i r c u l a r  o r b i t  p r o v i d e s  ~4800 km o f  
b a l l o o n  t r a c k i n g  and communication c r o s s  t r a c k  cove rage  f o r  t h e  
assumed a n t e n n a  subsys tem on t h e  o r b i t e r .  During e v e r y  3 hour  
o r b i t ,  each  b a l l o o n  i s  l o c a t e d  u s i n g  a combina t ion  o f  r a n g e ,  range-  
r a t e  and a n g u l a r  measurements and i t s  s t o r e d  e n v i r o n m e n t a l  d a t a  i s  
t r a n s m i t t e d  t o  t h e  o r b i t e r  f o r  s u b s e q u e n t  r e l a y  t o  E a r t h .  Assuming 
a minimum o f  t h r e e  l o c a t i o n s  of t h e  same b a l l o o n  t o  b e  n e c e s s a r y  f o r  
a rough d e t e r m i n a t i o n  o f  g r o s s  c i r c u l a t i o n  p a t t e r n s ,  t h e  s p e c i f i e d  
o r b i t a l  a l t i t u d e  would accommodate a maximur.1 a v e r a g e  c r o s s  t r a c k  
wind v e l o c i t y  o f  between 270 and 400 km/hr. 

A s u r f a c e  s p a t i a l  accuracy  o f  l o c a t i o n  o f  t h e  b a l l o o n s  o f  
some t e n s  o f  k i l o m e t e r s  i s  expec ted  t o  b e  o b t a i n a b l e  and would te 
a d e q u a t e  f o r  c i r c u l a t i o n  s t u d i e s .  Knowledge o f  b a l l o o n  a l t i t u d e  
i s  r e q u i r e d  for a c c u r a t e  l o c a t i o n  and a l s o  for data  a n a l y s i s .  Tk-e 
a l t i t u d e  o f  a b a l l o o n  may b e  de te rmined  g i v e n  t h e  measured v a l u e s  
of ambient  t e m p e r a t u r e  and p r e s s u r e  p r o v i d i n g  t h e  t e m p e r a t u r e  l a p s e  
r a t e  and t h e  s u r f a c e  p r e s s u r e  a r e  known. A drop-sonde p robe  c a r -  
r i e d  on t h i s  m i s s i o n  measures  t h e  a t m o s p h e r i c  pa rame te r s  r e q u i r e d .  10 

Although somewhat a r b i t r a r y  a t  t h i s  t i m e ,  t h e  t a r g e t i n g  
s t r a t e g y  adop ted  a l l o w s  t h e  a c q u i s i t i o n  o f  a tmosphe r i c  i n f o r m a t i o n  
from two w i d e l y  s e p a r a t e d  r e g i o n s  o f  t h e  p l a n e t .  P r e c u r s o r y  da ta  
from unmanned r e c o n n a i s s a n c e  o r b i t e r s  and a tmosphe r i c  p r o b e s  s h o u l d  
p r o v i d e  more d e f i n i t i v e  t a r g e t i n g  g u i d e l i n e s  i n  t h e  f u t u r e .  

.TIT. PAYLOAD SUBSYSTEM 

rn lhe pay load  sub---+ r3Y0.em c a r r i e d  b y  each  of  t h e  m e t e o r o l o g i -  
c a l  b a l l o o n s  w i l l  i n c l u d e  a p r e s s u r e  gauge ,  t h r e e  m u t u a l l y  o r t h o g o n a l  
a c c e l e r o m e t e r s ,  a s f e r i c s  d e t e c t o r ,  a humidi ty  gauge,  and a t h e r m i s t o r  
for ambient  t e m p e r a t u r e  measurement. Tab le  I1 p r e s e n t s  t h e  es t imated 
w e i g h t s ,  power r e q u i r e m e n t s  and data  r e t u r n  f o r  t h e  pay load  subsys tem.  



I n s t r u m e n t  I- _' 

Omni- A c c e  l e  rome t e r  

1 S f e r i c s  D e t e c t o r  
I 

S t a t i c  P r e s s u r e  i 
\ T r a n s d u c e r  

T h e r m i s t o r  
i i Humidity D e t e c t o r  
i 

Weight 
( o u n c e s )  

16 

2 4  

5 

3 

3 
5 1  o z s  

1 or 3.2  l b s  
- I . - .. 

Power 
( m w )  

754 mw 

Data 
( b i t s / o r b i t )  

420  

110 

85 

85 

85 
785 b i t s  

T o t a l  data  o b t a i n e d  assuming a l l  b a l l o o n s  remain o p e r a t i o n a l  and 
w i t h i n  o r b i t e r  a n t e n n a  coverage f o r  f u l l  30 day d e s i g n  l i f e t i m e s ,  
Q . 3  x 1 0  b i t s .  6 

The a c c e l e r o m e t e r s  measure t h e  g r o s s  e f f e c t s  upon t h e  
b a l l o o n  motion of any wind g u s t s  and t u r b u l e n c e .  
d i s s i p a t i o n  and t h e  a s s o c i a t e d  thermal c o n t r o l  r e q u i r e m e n t ,  t h e  
a c c e l e r o m e t e r s  sample e v e r y  1 5  m i n u t e s  f o r  3 minu te  d u r a t i o n s .  
Dur ing  each  sampl ing  p e r i o d ,  a r e c o r d  i s  made o f  t h e  number o f  cc-  
c a s i o n s  upon which t h e  v e c t o r  sum o f  t h e  t h r e e  a c c e l e r a t i o n s  exceeds  
a p r e s e t  t h r e s h o l d  and a l s o  o f  t h e  l e n g t h  o f  t i m e  f o r  which t h i s  
o c c u r r e d .  The complete  r e c o r d  w i l l ,  i n  a d d i t i o n ,  c o n t a i n  t h e  maxi- 
mum a c c e l e r a t i o n  e x p e r i e n c e d  i n  each  o f  t h e  th ree  d i r e c t i o n s  d u r i n g  
t h e  da ta  c o l l e c t i o n  p e r i o d .  T h i s  sampl ing  mode r e s u l t s  i n  t h e  ac-  
q u i s i t i o n  of about  35 b i t s  o f  data  p e r  sampl ing  p e r i o d ,  f o r  a t o t a l  
o f  4 2 0  b i t s  e v e r y  3 h o u r s .  

To r educe  power 

Data from t h e  t h e r m i s t o r  and p r e s s u r e  gauge a re  used f o r  
a l t i t u d e  d e t e r m i n a t i o n  and i n  a d d i t i o n  a l l o w  t h e  s p a t i a l  v a r i a t i o n  
o f  t e m p e r a t u r e  and p r e s s u r e  t o  b e  mapped. S u i t a b l e  ceramic  t h e r m i s -  
t o r  d e v i c e s  i n  t h e  form o f  beads  and t h i n  wires  for t h e  a c c u r a t e  
measurement of ambient t e m p e r a t u r e  a r e  r e a d i l y  o b t a i n a b l e .  A s  each  
s u p e r - p r e s s u r e  b a l l o o n  f l o a t s  i n  t h e  atmosphere a t  a known c o n s t a n t  
d e n s i t y ,  measurement o f  t empera tu re  a l l o w s  t h e  ambient  p r e s s u r e  t o  
be c a l c u l a t e d .  However, s i n c e  t h e  redundancy o f  separa te  p r e s s u r e  
measurement i s  a s s o c i a t e d  w i t h  on ly  a small w e i g h t  p e n a l t y  i t  i s  
c o n s i d e r e d  a p p r o p r i a t e  t o  make t h i s  measurement as a means o f  check ing  
t h e  t e m p e r a t u r e  r e c o r d .  W i t h i n  t h e  r a n g e  o f  p r e s s u r e s  expec ted  up t o  
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an  a l t i t u d e  o f  45 k m  t h e  performance o f  s t a t e - o f - t h e - a r t  a n e r o i d  
gauges w i l l  b e  q u i t e  a d e q u a t e .  P r e s s u r e  and t e m p e r a t u r e  are  
s i m u l t a n e o u s l y  measured once every  15  m i n u t e s  p r o v i d i n g  abou t  
b i t s  o f  d a t a  i n  a 3 h o u r  p e r i o d .  

170 

The s f e r i c s  d e t e c t o r  e n a b l e s  o b s e r v a t i o n s  t o  be  made of 
t h e  g e n e r a l  e l e c t r i c a l  a c t i v i t y  o f  t h e  a tmosphe re .  The d e t e c t o r  
c o n s i s t s  of a small  whip an tenna  and a broad-band r a d i o  r e c e i v e r .  
It o p e r a t e s  c o n t i n u o u s l y  coun t ing  t h e  t o t a l  number o f  e l e c t r i c a l  
d i s c h a r g e s  d e t e c t e d  d u r i n g  each 1 5  minute  i n t e r v a l .  T h i s  da t a  ac-  
q u i s i t i o n  mode p roduces  abou t  110 b i t s  i n  3 h o u r s .  From t h e  a n a l y -  
s i s  o f  t h i s  i n f o r m a t i o n ,  a g e n e r a l  p i c t u r e  o f  t h e  e l e c t r i c a l  a c t i v i t y  
o f  t h e  Venus a tmosphere  s h o u l d  b e  o b t a i n e d ,  and i t  may be p o s s i b l e  
t o  d e t e c t  any c o r r e l a t i o n  between such a c t i v i t y  and p o s i t i o n  on t h e  
p l a n e t .  

Water vapor  i s  a very i m p o r t a n t  a t m o s p h e r i c  c o n s t i t u e n t  
b e c a u s e  of i t s  t r a n s m i s s i o n  p r o p e r t i e s  i n  t h e  I.R. and t h e  l a t e n t  
heat  r e l e a s e d  if c o n d e n s a t i o n  o c c u r s .  
t i o n s  have shown t h a t  water vapor e x i s t s  above t h e  c l o u d s  c o v e r i n g  
Venus. The Venus-4 s e n s o r s  d e t e c t e d  w a t e r  vapor  i n  t h e  lower a t -  
mosphere and t h e r e  i s  a p o s s i b i l i t y  t h a t  t h e  c l o u d s  t h e m s e l v e s  may 
be composed o f  i c e  c r y s t a l s .  It  i s  t h e r e f o r e  c o n s i d e r e d  d e s i r a b l e  
t o  e q u i p  t he  b a l l o o n s -  w i t h  humidi ty  d e t e c t o r s  t o  d e t e r m i n e  t h e  
s p a t i a l  v a r i a t i o n  or'  water vapor c o n c e n t r a t i o n .  Such a d e t e c t o r ,  
c o n s i s t i n g  of a n  e l e c t r i c a l l y  conduc t ing  chemica l  f i l m ,  r e g i s t e r s  
changes i n  humidi ty  by  i t s  change i n  r e s i s t i v i t y .  The humid i ty  
measurement i s  performed s i m u l t a n e o u s l y  w i t h  p r e s s u r e  and tempera- 
t u r e  sampl ing .  Humidity d a t a  a c q u i s i t i o n  o v e r  a p e r i o d  o f  3 hcL,rs 
p r o v i d e s  abou t  85 b i t s  o f  i n f o r m a t i o n .  

D i r e c t  s p e c t r o s c o p i c  obse rva -  

During e a c h  t h r e e  h o u r  o r b i t e r  r e v o l u t i o n ,  each  b a l l o o n  
a c q u i r e s ,  s t o r e s ,  and t r a n s m i t s  t o  t h e  o r b i t e r  abou t  785 b i t s  o f  
a t m o s p h e r i c  da ta .  Thus,  t h e  t o t a l  d a t a  o b t a i n e d  from t h e  m e t e o r o l o g i -  
c a l  b a l l o o n  sys tem on e v e r y  o r b i t  i s  about  9450 b i t s .  I n  t h e  e v e n t  
t h e  b a l l o o n s  remain o p e r a t i o n a l  and w i t h i n  o r b i t e r  a n t e n n a  cove rage  
f o r  t h e i r  d e s i g n  l i f e t i m e s ,  t h e  t o t a l  amount o f  a t m o s p h e r i c  da t a  
a c q u i r e d  would b e  abou t  2 . 3  x lo6 b i t s .  

I V .  SUBSYSTEMS 

The subsystems composing t h e  m e t e o r o l o g i c a l  b a l l o o n  s y s -  
t e m  a re  b r i e f l y  d i s c u s s e d  i n  te rms  of t h e i r  c o n c e p t u a l  d e s i g n  and 
o p e r a t i o n .  The p r i m a r y  o b j e c t i v e  i s  t o  d e t e r m i n e  r e a s o n a b l e  subsys t em 
weight  es t imates  which i n  a g g r e g a t e  p r o v i d e  an e s t i m a t e  o f  t h e  t o t a l  
sys t em weight  a t  s e p a r a t i o n  f r o m  t h e  manned v e h i c l e .  A s econda ry  
o b j e c t i v e  i s  t o  deve lop  a p r e l i m i n a r y  subsys tems o p e r a t i o n s  c o n c e p t .  
The subsys tems d i s c u s s i o n  i s  d i v i d e d  i n t o  two c a t e g o r i e s ,  B a l l o o n  
Subsystems and Deployment and De l ive ry  Subsystems.  



n 

3 
W 

[I) 
a, 
d 
3 
c, 
.d 
c, 
rl 
4 

G 
0 
0 
rl 
rl 
cd a 0 

rl 

f .I 

' I  

M 

cr 

0 a 

rl 
rl 
4 

.. 



I 

BELLCOMM, INC. - 8 -  

A .  Ba l loon  Subsystems 

Each m e t e o r o l o g i c a l  b a l l o o n  has t h e  f o l l o w i n g  s u b s y s t e m s :  

1. I n s t r u m e n t  payload  
2 .  Data h a n d l i n g  
3. Communications 
4 .  Power supp ly  
5 .  Thermal c o n t r o l  
6 .  S t r u c t u r e  
7 .  B a l l o o n  

The d e s i g n  approach adop ted  was t o  make a l l  b a l l o o n s  
d e r i v a t i v e s  o f  t h e  lowes t  a l t i t u d e  b a l l o o n .  Tab le  I11 i n c l u d e s  t h e  
t o t a l  weight  of  each o f  t h e  subsys tems as a f u n c t i o n  o f  b a l l o o n  
a l t i t u d e .  F i g u r e  3 p r e s e n t s  a pre1imii:ar-y l a y o u t  o f  a dep loyed  
b a l l o o n  as wel l  as p e r t i n e n t  b a l l o o n  mater ia l  and d i m e n s i o n a l  da ta  
as a f u n c t i o n  o f  f l o t a t i o n  a l t i t u d e .  

The w e i g h t s  o f  subsystems 2 )  and 4) a r e  independen t  o f  
f l o t a t i o n  a l t i t u d e  and a r e  t h e r e f o r e  t h e  same f o r  e a c h  b a l l o o n .  
Subsystem 3 )  i s  s l i g h t l y  h e a v i e r  f o r  t h e  two lowes t  a l t i t u d e  bal-  
l o o n s  t h a n  f o r  t h e  o t h e r  b a l l o o n s .  The w e i g h t s  o f  subsys tems 5 )  
t h r o u g h  7 )  a re  s t r o n g l y  dependent  on a l t i t u d e  and t h u s  d i f f e r  s i g n i f i -  
c a n t l y  f o r  each  b a l l o o n .  Each o f  t h e  subsys t ems  i s  b r i e f l y  d i s c u s s e d  
below.  

1 . 0  I n s t r u m e n t  Payload  ( s e e  S e c t i o n  111) 

2 . 0  Data Handl ing  

The o u t p u t  of t h e  payload  s e n s o r s  i s  d i g i t i z e d  by t h e  
a n a l o g - d i g i t a l  (A/D) conver s ion  equipment ,  e l e c t r o n i c a l l y  p r o c e s s e d  
and s e n t  t o  t h e  magnet ic  s w i t c h  memory. The weight  es t imate  f o r  t h e  

A/D equipment  and e l e c t r o n i c s  i s  1 . 5  l b s .  

w i t h  a storage c a p a c i t y  o f  about  2x10 
0 . 5  l b s ,  i s  s e l e c t e d  t o  c o v e r  t he  d a t a  s t o r a g e  r e q u i r e m e n t .  l2 I n  
terms o f  c a p a c i t y  t h i s  d e s i g n  i s  c o n s e r v a t i v e  s i n c e  for nominal  b a l -  
l o o n  o p e r a t i o n s  t h e  maximum s t o r a g e  r e q u i r e m e n t  i s  only  785 b i t s .  
The t o t a l  subsystem weight  i s  t h e r e f o r e  a b o u t  2 l b s  w h i l e  t h e  power 
consumption f o r  t h e s e  equipments  i s  es t imated t o  be one wat t .  

A magnet ic  s w i t c h  memory 
4 b i t s ,  weighing a p p r o x i m a t e l y  

3 .0  Communications 

T h i s  subsys tem i s  d i v i d e d  i n t o  two f u n c t i o n a l  s e c t i o n s :  
1) beacon a c q u i s i t i o n ,  and 2 )  r a n g i n g  and da ta  t r a n s m i s s i o n .  Each 
s e c t i o n  u s e s  a d i f f e r e n t  t r a n s m i t t e r  b u t  shares a common a n t e n n a ,  p r e -  
a m p l i f i e r  and r e c e i v e r .  
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The o r b i t e r  t r a n s m i t s  a f i x e d  f r e q u e n c y  i n t e r r o g a t i o n  
c a r r i e r  i n  a c r o s s  t r a c k  fan beam c o n f i g u r a t i o n  which has a 2 7  d e g r e e  
h a l f  a n g l e .  Carrier t r a n s m i s s i o n  i s  per formed on a p e r i o d i c  84 
p e r c e n t  d u t y  c y c l e  whose p e r i o d  i s  one second.  The b a l l o o n  p r e -  
a m p l i f i e r  and r e c e i v e r  which must b e  on f o r  r e c e p t i o n  o f  t h e  i n t e r -  
r o g a t i o n  s i g n a l  o p e r a t e  on a p e r i o d i c  1 7  p e r c e n t  du ty  c y c l e  o f  1 
second p e r i o d .  Using t h i s  scheme, a n  o r b i t e r - b a l . l o o n  l i n k  i s  i n  
p r i n c i p l e  g u a r a n t e e d  f o r  eve ry  p o t e n t i a l  a c q u i s i t i o n  o p p o r t u n i t y  
w i t h o u t  e x c e s s i v e l y  bu rden ing  t h e  power s u p p l y  subsys t ems .  The 
beacon a c q u i s i t i o n  t r a n s m i t t e r  on each  b a l l o o n  a c c e p t s  t h e  a m p l i f i e d  
i n t e r r o g a t i o n  s i g n a l  from the  r e c e i v e r  and immedia te ly  t r a n s m i t s  
a n  i d e n t i f i c a t i o n  c a r r i e r  o f  p rede te rmined  f r e q u e n c y .  When t h e  
o r b i t e r  r e c e i v e s  t h e  c a r r i e r ,  t h e  s e a r c h  f a n  i s  c o l l a p s e d  t o  a p e n c i l  
beam focused  on t h e  b a l l o o n .  The b a l l o o n  i s  them commanded by t h e  
o r b i t e r  t o  t u r n  on t h e  r a n g i n g  and data  t r a n s m i t t e r  and t o  t u r n  o f f  
t h e  beacon a c q u i s i t i o n  t r a n s m i t t e r .  The 785 b i t s  o f  da ta  c o n t a i n e d  
i n  t h e  magnet ic  s w i t c h  memory a r e  t r a n s m i t t e d  t o  t h e  o r b i t e r  a t  a 
ra te  of  approx ima te ly  6 0  bps  r e s u l t i n g  i n  s t o r a g e  d e p l e t i o n  i n  abou t  
15 seconds .  During t h i s  p e r i o d  t h e  o r b i t e r  c o n t i n u o u s l y  t r a n s m i t s  a 
b i n a r y  d i g i t a l  r a n g i n g  s i g n a l  which i s  t u r n e d  around a t  t h e  b a l l o o n  
and r e c e i v e d  by t h e  o r b i t e r  m u l t i p l e x e d  w i t h  t h e  data .  The phase  
l a g  o f  t h e  r a n g i n g  s i g n a l  i n  combina t ion  w i t h  t h e  known subsys t em 
t i m e  d e l a y  p r o v i d e s  con t inuous  r a n g e  and r a n g e - r a t e  measurement o v e r  
t h e  data t r a n s m i s s i o n  p e r i o d .  

Due t o  t h e  t i m e  d e l a y  between o r b i t e r  t r a n s m i s s i o n  o f  t h e  
i n t e r r o g a t i o n  s i g n a l  and r e c e p t i o n  o f  t h e  b a l l o o n  i d e n t i f i c a t i o n  
c a r r i e r ,  i t  i s  p o s s i b l e  t o  a c t i v a t e  t h e  beacon a c q u i s i t i o n  t r a n s m i t -  
t e r s  of two or more b a l l o o n s  s i m u l t a n e o u s l y .  T h i s  would o c c u r  ti' t h e  
b a l l o o n s  were l y i n g  approx ima te ly  on a l i n e  normal t o  t h e  ground ; r a c k ,  
each  r e c e i v i n g  t h e  i n t e r r o g a t i o n  s i g n a l  w i t h i n  t h e  t i m e  d e l a y  F e r i o d .  
The o r b i t e r  r e c e i v e s  data  from and r a n g e s  t o t h e  b a l l o o n  whose i d e n t i f i -  
c a t i o n  c a r r i e r  i s  r e c e i v e d -  f i r s t ,  l e a v i n g  t h e  o t h e r  a c t i v i t e d  beacon 
t r a n s m i t t e r s  i n  a c o n t i n u o u s  o p e r a t i o n  mode. T h e r e f o r e ,  each  o f  t h e  
beacon t r a n s m i t t e r s  i s  a u t o m a t i c a l l y  t u r n e d  o f f  5 seconds  a f t e r  a c t i v a -  
t i o n  t o  p r e v e n t  l ong  te rm con t inuous  o p e r a t i o n .  After  t h e  f i r s t  b a l -  
l o o n  i s  t r a c k e d  and i n t e r r o g a t e d ,  t h e  p e n c i l  beam expands t o  t h e  c r o s s  
t r a c k  f a n  c o n f i g u r a t i o n  and t h e  p r o c e d u r e  i s  s e q u e n t i a l l y  repeated 
for each  b a l l o o n  i n  t h e  an tenna  p a t t e r n .  S i n c e  t h e r e  i s  a p o s s i b i l i t y  
o f  r e a c q u i r i n g  a p r e v i o u s l y  i n t e r r o g a t e d  b a l l o o n ,  a s imple  b a l l o o n  
s e l e c t i o n  l o g i c  i s  c a r r i e d  on-board t h e  o r b i t e r .  The l o g i c  mere ly  
d i sab le s  o r b i t e r  r e c e p t i o n  o f  a p r e v i o u s l y  r e c e i v e d  i d e n t i f i c a t i o n  
c a r r i e r  f o r  about  1 0  minu tes ,  which i s  ample t i m e  f o r  t h e  i n t e r r o g a t e d  
b a l l o o n s  t o  pass o u t  o f  t h e  p a t t e r n .  

The h e l i c o n e  an tenna  which weighs abou t  2 l b s  i s  COR- 

s t r u c t e d  o f  copper  t u b i n g  shaped i n t o  a c o n i c a l  h e l i x  w i t h  a 50' 
h a l f  a n g l e  p r o v i d i n g  a 1 db g a i n .  l3 
weave mater ia l  t h e  an tenna  i s  mounted on t h e  t o p  o f  t he  l o w e s t  a l t i -  
t u d e  b a l l o o n s .  T h e  e s t i m a t e d  weight  o f  t h e  c a b l e s  c o n n e c t i n g  t h e  

Due t o  t h e  RF o p a c i t y  o f  s t e e l  
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a n t e n n a  t o  t h e  reiiiaiiider of' t h e  subsys t em i s  3 l b s .  The c a b l e s  are  
l o c a t e d  i n  t h e  b a l l o o n  i n t e r i o r  and a re  f a s t e n e d  t o  t h e  subsys t ems  
compartment e l e c t r i c a l  bus which i s  l o c a t e d  on t h e  p o r t i o n  o f  t h e  
b e r i l l i u m  s h e l l  s u r f a c e  i n s i d e  t h e  b a l l o o n .  Thus t h e  a n t e n n a  sys -  
t e m  weight  f o r  t h e  two lowes t  a l t i t u d e  b a l l o o n s  i s  abou t  5 l b s .  
S i n c e  a l l  o t h e r  b a l l o o n s  are RF t r a n s p a r e n t ,  t h e  h e l i c o n e  a n t e n n a  
i s  mounted d i r e c t l y  on t o p  o f  the  subsys t ems  compartment.  The an- 
t e n n a  sys t em weight  i s  2 l b s .  

The s o l i d  s t a t e  S-band p r e a m p l i f i e r  i s  an o f f - t h e - s h e l f  
i t e m  which weighs abou t  0 . 5  l b s ,  p r o v i d e s  a minimum g a i n  o f  2 0  db and 
consumes 2 2 5  mw o f  power.*14 
t u r e  c o n t r o l l e d  subsys tems compartment,  p r o v i d e s  an  a m p l i f i e d  re- 
c e i v e r  i n p u t  s i g n a l  and ,  t h e r e f o r e ,  must be on a t  t h e  t i m e  o f  c a r r i e r  
r e c e p t i o n .  The r e c e i v e r ,  which o p e r a t e s  w i t h  t h e  same d u t y  c y c l e  as 
t h e  p r e a m p l i f i e r ,  consumes about  5 0  mw o f  power and weighs a p p r o x i -  
ma te ly  0 . 5  l b s .  The estimated weight  and power consumption f o r  t h e  
beacon t r a n s m i t t e r  are  1 l b  and 320 m w ,  r e s p e c t i v e l y .  The es t imates  
f o r  t h e  r a n g i n g  and d a t a  t r a n s m i t t e r  a r e  1 lb and 2 0 0  mw, r e s p e c -  
t i v e l y .  11, 1 3  

This  d e v i c e ,  r e s i d i n g  i n  t h e  tempera-  

An a d d i t i o n a l  5 l b s  i s  a l l o c a t e d  for packag ing  and  
m i s c e l l a n e o u s  w i r i n g  and e l e c t r o n i c s ,  r e s u l t i n g  i n  a t o t a l  subsys t em 
we igh t  f o r  t h e  two lowes t  and f o u r  h i g h e s t  a l t i t u d e  b a l l o o n s  o f  13 
l b e  and 1 0  l b s ,  r e s p e c t i v e l y .  The d i f f e r e n c e  i n  w e i g h t s  i s  due 
s o l e l y  t o  t h e  c a b l e s  r e q u i r e d  i n  t h e  two l o w e s t  a l t i t u d e  b a l l o o n s .  

4 . 0  Power Supply 

The power p r o f i l e  g e n e r a t e d  b y  t h e  i n t e r m i t t e n t  demards 
of subsys tems (1) th rough  ( 3 )  i s  e q u i v a l e n t  t o  an  a v e r a g e  power l o a d  
o f  abou t  0 . 4  wat ts .  A 30 day d e s i g n  l i f e t i m e  w i t h  an  a d d i t i o n a l  1 5  
p e r c e n t  margin  of s a f e t y  es tab l i shes  an  e l e c t r i c a l  Energy r e q u i r e m e n t  
o f  332 wat t -hours .  S i l v e r - z i n c  s t o r a g e  b a t t e r i e s  w i t h  a n  ene rgy  den- 
s l t y  of 46- watt-hours Ib a r e  s e l e c t e d  f o r  t h i s  a p p l i c a t i o n .  l5 B a t t e r y  
weight  i s  about  7 l b s  under  t h e  a s sumpt ion  o f  a 1 0 0  p e r c e n t  d i s c h a r g e  
c a p a b i l i t y .  An a d d i t i o n a l  2 l b s  i s  a l l o c a t e d  f o r  w i r i n g ,  v o l t a g e  
r e g u l a t i o n  equipment ,  e t c . ,  r e s u l t i n g  
mate of  9 l b s .  

5 . 0  Thermal C o n t r o l  

A s  i l l u s t r a t e d  i n  F i g u r e  3 
a c o n c e n t r i c  i c e  water r e s e r v o i r  w i t h  
b o u n d a r i e s  c o n s i s t i n g  o f  an  evacua ted  

i n  a t o t a l  subsystem w e i g h t  e s t i -  

t h i s  subsys tem i s  composed o f  
s p h e r i c a l  e x t e r n a l  and i n t e r m a i  
s u p e r  i n s u l a t i o n  thermal  b a r r i e r  

*Defense E l e c t r o n i c s  I n c . ,  Model 

2 

TPA 7 0 ,  S-band p r e a m p l i f i e r  
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and t h e  subsys t ems  compartment wal l ,  r e s p e c t i v e l y .  A t  b a l l o o n  
deployment t h e  r e s e r v o i r  i s  assumed t o  be comple t e ly  f r o z e n .  Heat 
t r a n s f e r  a c r o s s  t h e  b o u n d a r i e s  o f  t h e  r e s e r v o i r  g r a d u a l l y  mel t s  t h e  
i c e  and i n c r e a s e s  t h e  t e m p e r a t u r e  o f  t h e  water t o  a v a l u e  somewhat 
l ess  t h a n  70°C a t  t h e  end of  t h e  b a l l o o n  d e s i g n  l i f e t ime .*  I f  a 
more s e v e r e  thermal  environment  t h a n  a n t i c i p a t e d  i s  e n c o u n t e r e d  t h e  
b a l l o o n  l i f e t i m e  w i l l  b e  reduced .  Heat t r a n s f e r  a c r o s s  t h e  i n t e r n a l  
boundary i s  assumed c o n s t a n t  and e q u a l  t o  t h e  a v e r a g e  power l o a d  of  
0 . 4  wat ts .  S i n c e  a tmosphe r i c  t e m p e r a t u r e  d e c r e a s e s  w i t h  i n c r e a s i n g  
a l t i t u d e  t h e r e  w i l l  b e  l e s s  heat t r a n s f e r  a c r o s s  t h e  e x t e r n a l  wall  
of  t h e  r e s e r v o i r  for t h e  h i g h e r  a l t i t u d e  b a l l o o n s .  T h i s  r e s u l t s  i n  
a wide v a r i a t i o n  i n  estimated subsys tem weight  from t h e  l o w e s t  t o  
h i g h e s t  a l t i t u d e  b a l l o o n .  

D e t e r m i n a t i o n  of  t h e  amount o f  w a t e r  needed f o r  each  b a l -  
l o o n  f i r s t  r e q u i r e s  knowledge of  t h e  r a d i u s  o f  t h e  i n t e r n a l  r e s e r v o i r  
boundary and t h e  e f f e c t i v e  thermal c o n d u c t i v i t y  o f  t h e  e x t e r n a l  boun- 
d a r y ;  The subsys tem compartment volume e s t i m a t e  of  310 i n c h 3  f o r  a l l  
b a l l o o n s  i s  composed o f  approx ima te ly  270  i n c h 3  f o r  subsys t ems  (1) 

t h r o u g h  (4) and 4 0  i n c h 3  o f  a d d i t i o n a l  s p a c e  a l l o c a t e d  for m i s c e l -  
l a n e o u s  b r a c k e t r y ,  w i r i n g ,  e t c .  The 4 . 2  i n c h  r a d i u s  o f  t h e  s p h e r i c a l  
subsys tems compartment i s  d i r e c t l y  c a l c u l a t e d  from t h e  known volume. 
The e f f e c t i v e  thermal  c o n d u c t i v i t y  o f  t h e  e x t e r n a l  boundary i s  a 
f u n c t i o n  o f  a t m o s p h e r i c  t e m p e r a t u r e  and v a r i e s  from a b o u t  1.1~10-~ 
B/hr-inch-Ro f o r  t h e  lowes t  a l t i t u d e  b a l l o o n  t o  . 4 x 1 0 - ~  B/hr-inch-R" 
f o r  t h e  h i g h e s t  a l t i t u d e  b a l l o o n .  The low c o n d u c t i v i t i e s  are  a c h i e v e d  
t h r o u g h  t h e  u s e  of a . 4  i n c h  t h i c k n e s s  o f  m u l t i l a y e r  s u p e r i n s u l a t i o n  
r e s i d i n g  i n  t h e  evacua ted  . 5  i n c h  space  between t h e  two ou te rmos t  
s p h e r i c a l  s h e l l s .  The s u p e r i n s u l a t i o n  mater ia l  i s  60  l a y e r s  o f  
a l u m i n i z e d  polymide f i  m and t i s s u g l a s  w i t h  a b u l k  d e n s i t y  of 
4 .  ~ I x ~ O - ~  l b s / i n c h  3 . If 

Using t h e s e  d a t a ,  t h e  d e s i g n  l i f e t i m e  and v a r i o u s  c o n s t a n t s  
d e s c r i b i n g  the  c o o l a n t ,  or amount o f  w a t e r  r e q u i r e d  for each  of  t h e  
b a l l o o n s ,  i s  de t e rmined  b y  t h e  energy  b a l a n c e  between t h e  heat  t r a n s f e r  
a c r o s s  t h e  r e s e r v o i r  b o u n d a r i e s  and t h e  two d i s s i p a t i v e  mechanisms: 
1) change o f  s t a t e  from i c e  t o  water and 2 )  i n c r e a s e  i n  water tempera-  
t u r e  t o  7 O o C .  The  ma themat i ca l  e x p r e s s i o n  of  t h e  energy  b a l a n c e  
g i v e s  r i s e  t o  a c u b i c  e q u a t i o n  i n  t h e  r a d i u s  o f  t h e  e x t e r n a l  r e s e r v o i r  
boundary.  S o l u t i o n  o f  t h e  e q u a t i o n  u n i q u e l y  d e t e r m i n e s  t h e  volume of 
t h e  r e s e r v o i r  and t h u s  t h e  weight  of  water needed. Also o b t a i n e d  i s  
a d e t e r m i n a t i o n  of  t h e  r e q u i r e d  weight  of s u p e r i n s u l a t i o n  ma te r i a l ,  

*The upper  t e m p e r a t u r e  l i m i t  o f  70°C r e p r e s e n t s  t h e  approx ima te  
a l l o w a b l e  e n v i r o n m e n t a l  t e m p e r a t u r e  f o r  r e l i a b l e  p r e a m p l i f i e r  ope ra -  
t i o n .  I t  i s  est imated t h a t  a l l  o t h e r  s y s t e m  e l emen t s  w i l l  f u n c t i o n  
no rma l ly  a t  h i g h e r  t e m p e r a t u r e s .  
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thus providing the total subsystem weight estimate. The 
design procedure is the Same for each of the balloons. The 
subsystem weight estimate is given for each balloon in 
Table 111. 

6. Structure 

This subsystem provides the basic structural vehicle 
in which subsystems 1) through 5 )  reside. It consists of three 
spherical concentric beryllium shells separated and held 
firmly in place by several low thermal conductivity structural 
spacers. Miscellaneous beryllium flanges, brackets and fixtures 
are also considered part of the subsystem. 

The subsystems compartment is the smallest of the 
three spherical shells with a diameter of 8.4 inches for all 
balloons. The diameters of the two outermost shells are uniquely 
determined by the required reservoir size which depends on the 
atmospheric temperature at the balloon altitude. A table 
giving the outermost shell diameter (P) as a function of alti- 
tude appears in Figure 3. Since shell buckling is the governing 
structural failure mode, beryllium is selected for its superior 
stiffness and strength at high temperature as well as its light 
weight characteristic .17 In determining shell thicknesses 
required to withstand buckling the loading assumed on the outer- 
most shell is the atmospheric pressure arbitrarily increased 
by 20 percent to provide a margin of safety.18 The same loading 
is conservatively assumed to act on the two interior shells. 
The resulting shell weights are increased somewhat to provide 
for additional shell thickness in areas of stress concentration 
at spacer locations. Furthermore, to avoid potential manufacturing 
difficulties associated with very thin gaLige materials the minimum 
allowable shell thickness is arbitrarily fixed at 0.03 inches. 

The spacers, constructed of beryllium and teflon, have 
an estimated total weight of no more than 0.5 lbs. An additional 
2 lbs is allocated for various beryllium flanges, brackets and 
fixtures. The total subsystem weight for each of the balloons 
is given in Table 111. 

7. Balloon 

Each hydrogen filled balloon provides the buoyancy 
necessary to hydrostatically support all subsystems at the 
design altitude. The super-pressure balloon maintains a 
pressure slightly above ambient and its hydrostatic lift re- 
mains constant regardless of variations in the thermal environ- 
ment. Estimated leak rates are sufficiently low to preclude 
the need for gas resupply to achieve a one month lifetime. 
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Using the principles of hydrostatics and assuming 
a spherical balloon it is possible to write a cubic equation 
for the unique determination of balloon diameter. This 
technique requires input values for atmospheric and hydrogen 
densities, the total weight of subsystems (1) through (6) 
and the area density of the balloon wall material. Balloon 
diameters (d) and wall materials are given in a summary 
table appearing in Figure 3. The material used in the two 
lowest altitude balloons is a silicon polymer-filled steel 
weave with an area density of 0.21 lbs/ft2 capable of operating 
in a 1200 O F  environment. A 1 mil thick double laminate 
of Kapton polymide film weighing 0.0092 lbs/ft2 capable 
of operating at 500 OF is used in m e  two intermediate alti- 
tudeballoons . The two remaining balloonr; use a 1 mil thick 
double Mylar laminate weighing . 0074  lbs/ft with operational 2 

capability to 250 O F .  7 

The calculated diameter is used to compute balloon 
surface area which in combination with density allows deter- 
mination of total wall material weight. Total hydrogen 
weight required is uniquely determined from the computed 
balloon volume and the input value f o r  hydrogen density. 
The summation of these two items is the total subsystem 
weight which is given for each balloon in Table 111. Also 
appearing in Table I11 is the total deployed weight of each 
balloon which is the summation of the total weights of 
subsystems 1) through 7). 

B. Deployment and Delivery Subsystems 

These subsystems are covered in two general categories 
as listed below: 

Deployment Subsystems: 

a. Deployment container 
b. Hydrogen gas supply 
c. Parachute 

Delivery Subsystems: 

d. 

f. 
g. 
h. 
i. 
j. 
k .  
1. 

e. 
Entry shell 
Striie tine 
Telecommunications 
Attitude control 
Instrumentation 
Power Supply 
Thermal control 
Propulsion 
Sterilization canister 
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The estimated weight of each of the deployment 
subsystems is different for each balloon and is given in 
Table 111. Also appearing in the table is the jettisoned 
weight of each balloon system, the total jettisoned weight, 
total delivery subsystems weight and the resulting probe 
launch weight. The weight of each of the delivery subsystems 
is given in Table IV while the general arrangement of the 
probe is presented in Figure 4. 

TABLE IV. - DELIVERY SUBSYSTEMS 

Subsystems 

I 
Entry Shell 

i 
1 Structure 
I 

Telecommunications 

Attitude Control 
i ! 
i 

i Instrumentation 

! Power Supply 
i 
i Thermal Control 
! 
I Propulsion 

i 

t 

1 

Sterilization Canister 
1 

Total Delivery Subsystems 

Weight (lbs) 
i 

550 

35 

29 

27 

20 

17 

Negligible 

121 

353 

1152 

a. Deployment Container 

Each container is of a truncated conic shape with 
the bottom side closed. Its envelope is of sufficient size to 
enclose the outermost beryllium shell, the deflated balloon 
packaged ir; an open  ended r;ylm sleeve, the hydroger. supply, 
and the stowed parachute. As illustrated in Figure 4 the six 
containers are placed in a column stacking arrangement with 
the lowest and highest altitude balloon systems at the bottom 
and top of the stack, respectively. This configuration is most 
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suitable for sequential jettisoning of the containers during 
the probe terminal velocity phase shown in Figure 1B. The 
containers and their parachutes are pyrotechnically separated 
from the stack and the balloons are immediately inflated under 
the restraining influence of the open ended nylon sleeve. This 
inflation technique provides both stability and reliability for 
the balloon deployment from the canister. The time elapsed 
from canister jettison to full inflation should be no more than 
5 minutes. 

The maximum axial loading experienced by the column, 
and therefore the containers, is the approximate peak decelera- 
tion of 80 gfs during entry. The containers are designed to 
withstand this loading with a safety factor of three, being 
constructed of stiffened titanium sheet (yield stress =168x10 psi) 
with an effective thickness which increases for container locations 
closer to the bottom of the stack.lg This is reflected in 
Table I11 by the larger container weights for the lower altitude 
balloons. 

3 

b. Hydrogen Gas Supply 

The hydrogen for each balloon is stored at 4500 psi 
in a toroidal tank which is located at the bottom of the de- 
ployment container. The gas supply subsystem growth factor of 
11 includes the weight of necessary plumbing and assumes the use 
of a high strength light weight boron filament wound storage 
tank.' 
are directly determined from the growth factor and the required 
quantities of hydrogen. 

The gas supply subsystem weights given in Table I11 

c. Parachutes 

The parachutes for the four highest altitude balloons 
are of the "solid flat" type which has a minimum characteristic 
drag coefficient of 0.7. The plan view parachute diameters that 
appear in the table given in Figure 1B are sized to produce a 
dynamic pressure of 0.75 lbs/ft2 during balloon inflation. This 
conservatism is exercised in view of the uncertainties involved 
in the in-flight inflation of Mylar and Kapton polymide balloons 
while subject to a dynamic pressure environment more severe than 
1 l b / f t  . The parachute weights given in Table I11 are determined 
directly from the calculated diameters and increased by 30 percent 

2 

to allow for the pilot chute, bridle lines, risers, etc. 19 
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Since the two lowest altitude balloons are constructed 
of a tough polymer filled steel weave material, a considerably 
more severe dynamic pressure environment during inflation is 
tolerable. Thus, these two balloons use small light weight 
parachutes designed to produce stability rather than aerodynamic 
drag. 

d. Entry Shell 

The 30° half-angle sphere-cone shell is constructed of 
aluminum overlayed with a phenolic nylon ablative heat shield 
which is conservatively designed to accommodate a vertical 
entry into the Venusian atmosphere at about 40,000 ft/sec. 
The payload-to-entry weight ratio is about 0.85 resulting in 
an entry shell weight of approximately 550 lbs.20 This includes 
a small allocation for the transonic stabilization chutes which 
are deployed after entry at a Mach number of about 1.5. The 
chutes are jettisoned immediately after passage through the 
transonic flight regime. 

e. Structure 

The structure consists primarily of a stiffened 
titanium conical shell whose only appreciable loading is the 
axial compressive force due to propulsion system thrusting. 
Assuming 1000 lbs of thrust and designing the shell to a 
buckling criterion results in a total weight of about 30 lbs. 
An additional 5 lbs is allocated for miscellaneous brackets, 
fixtures and pyrotechnics resulting in a total structural 
weight of 35 lbs. 

18 

f. Telecommunications 

The telecommunications subsystem is designed to 
provide a transmission data rate capability of approximately 
100 bps to the manned vehicle. 
the probe and manned vehicle is relatively small (less than l o 4  km), 
the specified data rate does not require the use of a high gain 
antenna or amplifier. Modeling the subsystem after that of the 
Lunar Orbiter with the high gain antenna and TWT amplifier elimi- 
nated and assuming a 20% reduction in weight by updating the 
state-of-the-art from the early sixties to the present, the 
resulting total subsystem weight is 29 lbs. 21 This includes 
two omni-antennas, a transponder, command decoder, a flight 
programmer and miscellaneous items. 

Since the maximum range separating 
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g. Attitude Control 

The cold nitrogen gas stellar inertial attitude 
control subsystem maintains a nominal 2O dead band attitude 
hold during the cruise. The sun sensor slaves the probe 
longitudinal axis to the sun line so that power can be pro- 
duced by the solar cells while the star sensor fixes the 
roll attitude. Attitude control is switched to inertial 
reference f o r  midcourse corrections. Conservatively designing 
for 10 days of dead band cruise and 5 midcourse correction 
maneuvers results in a nitrogen requirement of several tenths 
of a pound. 22 
stored nitrogen and gas feed system, inertial reference unit, 
sun and star sensors and other miscellaneous items is estimated 
at 27 lbs. 21 
updated state-of-the-art. 

The total weight of the subsystem including the 

This assumes a 20 percent weight reduction for 

h. Instrumentation 

The purpose of this subsystem is to provide monitoring 
capability of all probe subsystems to determine their status. 
It consists of various performance transducers, signal condi- 
tioning equipment, a telemetry encoder and other miscellaneous 
items. With the assumed 20 percent weight reduction from 
technology updating the total subsystem weight is estimated at 
20 lbs. 21 

i. Power Supply 

The solar cell storage battery power supply subsystem 
is designed to provide the estimated 70 watts of average continuous 
power required by the other subsystems. As shown in Figure 4, 
the 6 ft of solar cell array are mounted on the exterior of 
the conical shell while the silver-zinc batteries are fastened 
to its interior surface. The estimated weights of the solar 

21, 22 cells and batteries are 4 lbs and 3 lbs, respectively. 
Voltage regulation, charge control and boost regulation equip- 
ment, as well as some miscellaneous items, add another 10 lbs 
resulting in a total subsystem weight estimate of 17 lbs. 

2 

j .  Thermal Control 

Energy dissipated from the various subsystems is 
accommodated passively through provision of good thermally 
conductive attachment to the interior surface of the titanium 
shell. Slightly less than 70 watts is continuously rejected 
from the probe by thermal radiation to space from the exterior 
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surface of the conical shell. The entire surface with the 
exception of the area occupied by solar cells and the two 
omni-antennas is treated to obtain the appropriate emissive 
characteristics. 

k .  Propulsion 

The required total velocity change of about 750 ft/sec 
is provided by a hydrazine flourine propulsion subsystem with a 
mass fraction of 0.9 and specific impulse of 325 see.” Total 
propellant weight of about 109 lbs consists of 99 lbs of 
usable propellant with the remaining 10 lbs ( d o  percent) 
allocated as reserves and residuals. For the 0.9 mass fraction 
the engine and tankage weight is about 12 lbs resulting in 
a total subsystem weight estimate of 121 lbs. 

1. Sterilization Canister 

In order to avoid biological contamination of Venus 
with earthly microorganisms the sterilized probe is enclosed 
in a sterilization canister during the trip to Venus. 
after separation from the manned vehicle and prior to the 
injection maneuver the canister is pyrotechnically jettisoned. 
The surface area of the canister needed to completely enclose 
the probe is about 294 ft . For canister walls of aluminum 
honeycomb structure with a weight density of 1.2 lbs/ ft2 the 
resulting total weight is estimated at 353 lbs. 

Immediately 

2 

V. CONCLUSIONS 

For a single Venus encounter. the estimated gross 
weight of the meteorological balloon system at separation from 
the manned flyby vehicle is 3604 lbs. The system consists of 
two identical probes each delivering six balloons to the atmos- 
phere. The probe weight is determined from individual sub- 
system conceptual designs based on existing state-of-the-art 
technology. Apart from the inclusion of a sterilization canister 
in the gross weight estimate, the influence of probe steriliza- 
tion requirements has not been considered. 
system operations concept is believed to be feasible, 

The preliminary 

1014-EMG-jan GAB 9 
E. M. Grinning 
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